ABSTRACT. The present study determined the impact of Acrobasis advenella caterpillars feeding on the content of total proteins, specific proteins and soluble proteins in the inflorescences of three host plant species: Aronia melanocarpa, Sorbus aucuparia and Crataegus monogyna. The study demonstrated that the feeding of A. advenella caterpillars increases the total, specific and soluble protein contents in the inflorescences of these three plants. Significant increases in the content of these compounds were observed in the infested inflorescences of black chokeberry.
INTRODUCTION
Many recent studies of plant-herbivore interactions indicate that these are very complex, if only because of the huge number of insects and host plants. Therefore, specific plant species may react in different ways to tissue damage caused by different insect species. Plant-herbivore interactions may also depend on about 200 000 metabolites that have so far been isolated from plants. There are about 15 000 metabolites in the tissues of a single plant species (FERNIE 2007) . The chemical composition of plants changes as diverse groups of herbivores forage on them; it is also affected by other biotic and abiotic factors (PANDA & KHUSH 1995 , STOWE 1998 .
MATERIAL AND METHODS

Field studies
The test material consisted of inflorescences of black chokeberry (Aronia melanocarpa [MICHAUX, 1803] ELLIOT, 1821), rowan (Sorbus aucuparia LINNAEUS, 1753) and singleseeded hawthorn (Crataegus monogyna LINNAEUS, 1753), both colonised and not colonised by caterpillars of A. advenella. It was collected on the black chokeberry plantation at Boduszyn (15 km from Lublin), where branches are pruned and fertiliser is applied every few years. The inflorescences of rowan and hawthorn were collected from small groups of trees (not fertilised) growing in green areas of Lublin. Inflorescences were collected when caterpillars started feeding, i.e. in the last 10 days of April 2011 and 2012. The feeding caterpillars were removed from the inflorescences. Next, both infested and uninfested inflorescences were dried at temperatures up to 35 ºC.
Biochemical analysis
The chemical analyses were performed on dry material (DW) in three replicates each year. The total and specific protein contents were determined using Kjeldahl's method with the Kjeltec system 1030, after prior mineralisation in a DS-20 block (WIERCIŃSKI 1999) . The soluble proteins were calculated as the difference between the amount of specific and total proteins. The content and changes in concentration of proteins in the control and infested inflorescences are given as a percentage of the dry weight (% of DW). The analyses were done at the Central Laboratory of Agroecology of the University of Life Sciences, Lublin (according to CLA/PSO/13 version 3), and at the Laboratory of the Department of Vegetable Crops and Medicinal Plants of the University of Life Sciences, Lublin.
Statistical analysis
The differences between the means for the variables were determined from analysis of variance (ANOVA), assuming normality of distribution and homogeneity of variance.
The significance of the difference between the means was tested using Tukey's Honestly Significant Difference test (HSD) at a significance level of P = 0.05. 
RESULTS
The statistical analysis confirmed that in 2011 and 2012 there were no significant differences in the total protein content in the control inflorescences of the plant species (black chokeberry -F (1,4) = 0.003 p= 0.95861; rowan -F (1,4) = 3.810 p= 0.12264 and hawthorn -F (1,4) = 6.000 p= 0.06972). The content of specific proteins in the control inflorescences of all the plant species in 2012 was significantly higher in comparison to 2011 (black chokeberry -F (1,4) = 23.310 p= 0.008476; rowan -F (1,4) = 496.890 p= 0.00002 and hawthorn -F (1,4) = 25.620 p= 0.00700). Table 1 . The content of total protein, specific protein and soluble protein (% of DW) in infested inflorescences of Acrobasis advenella host plant species (2011, 2012) .
Host plant species
Total protein
Specific protein The values in the same columns followed by various letters are significantly different at P≤ 0.05 (Tukey's HSD test). Table 2 . The content of total protein, specific protein and soluble protein (% of DW) in control inflorescences of Acrobasis advenella host plant species (2011, 2012 The values in the same columns followed by various letters are significantly different at P≤ 0.05 (Tukey's HSD test). The total protein contents in the infested inflorescences ranged from 18.93% (black chokeberry) to 28.33% of DW (hawthorn) ( Table 1 ). The statistical analysis confirmed the significantly higher contents of these compounds in C. monogyna tissues only in 2012. The specific protein contents in the inflorescences ranged from 0.54% (hawthorn) to 1.01% of DW (rowan). There were significant differences between the contents of this compound in extracts from hawthorn and from the other plants. The soluble protein content ranged from 20.70% (black chokeberry) to 27.71% of DW (hawthorn). The statistical analysis did not confirm any significant differences in the contents of these compounds between the three plant species in 2011. The total protein contents in the tissues of the control plants varied from 18.80% (black chokeberry) to 26.50 % of DW (black chokeberry) ( Table 2 ). In both study years there were significant differences in the total protein contents in the tissues of these plants. The specific protein content in uninfested inflorescences ranged between 0.48% (hawthorn) and 0.94% of DW (rowan). It was significantly higher in rowan inflorescences than in the other plants in both years. The soluble protein content in the tissues of the control plants ranged from 18.19% (black chokeberry) to 25.63% of DW (hawthorn). The inflorescences of all the infested plant species contained more total, specific and soluble proteins than the control material (Figs 1-3) . The total protein content in black chokeberry and hawthorn inflorescences was significantly higher than in the control. The greatest increase in these compounds (by 21%) was noted in the inflorescences of black chokeberry, whereas the respective increases in hawthorn and rowan tissues were over 6% and almost 4% in comparison to the control (Fig. 1) . There was a significant increase in the specific protein content (over 28%) in infested inflorescences of black chokeberry compared to the control (Fig. 2) . In the other two plant species, the increase in the specific protein content was 7% (hawthorn) and 4% (rowan), but no significant differences were found. The concentration of soluble proteins in the inflorescences of all the plant species colonised by caterpillars was significantly higher than in the control plants. The inflorescences of black chokeberry contained 21% more of these compounds, and those of rowan and hawthorn 4% and 6% more respectively (Fig. 3) .
DISCUSSION
Proteins can play diverse roles in plants and phytophagous interactions. They are the main source of nutrients for herbivores, especially amino acids, which are necessary for their proper growth and development, and they also participate in plant defence mechanisms against phytophagous insects (SEMPRUCH & CIEPIELA 2002 , BABIC et al. 2008 .
The protein contents of specific plant tissues differ and can determine their attractiveness for herbivores. Plants that are nutritionally unattractive to herbivores contain only small amounts of primary metabolites, mainly proteins (DĄBROWSKI 1988). According to KIEŁKIEWICZ-SZANIAWSKA (2003) cultivars of tomatoes with low soluble protein contents are not very attractive to the carmine spider mite (Tetranychus cinnabarinus BOISDUVAL, 1867), whereas cultivars heavily colonised by pests contained more of these compounds. GANTNER (2007) showed that the hazel cultivar most susceptible to the feeding of Myzocallis coryli GOETZE, 1778 and Phytoptus avellanae NALEPA, 1889 contained large amounts of primary metabolites, i.e. proteins and sugars. In the present study the total protein and soluble protein contents were the highest in the inflorescences of hawthorn and the lowest in those of black chokeberry.
The reactions of plants to harmful biotic factors, such as the attack of herbivores, involve metabolic changes, the nature of which depends to a great degree on the attacking organisms (BRUCE & PICKET 2007) . Plants usually react to insects by decreasing the nutrient content of their tissues (MALINOWSKI 2008) . There is no information in the available literature relating to the influence of A. advenella caterpillars feeding on the protein contents in host plant tissues.
The results showed that phytophage-damaged inflorescences of black chokeberry and hawthorn contained significantly more total proteins. The soluble protein content was significantly higher in the tissues of all three plants. The results are consistent with the report by GANTNER (2007) , while from the research of KIEŁKIEWICZ-SZANIAWSKA (2003) it appears that in the initial stage of red spider mites feeding on tomatoes, the soluble protein content decreased in the tissues of damaged plants, whereas a slight increase was noted two weeks later. In this study, the highest increase in the soluble protein content was noted in tissues of A. melanocarpa. This could be evidence for the more effective synthesis of defensive proteins in this species. The significance of defensive compounds in soluble proteins has been highlighted by many authors. So-called PR proteins are of special significance in such reactions as systemic acquired resistance and systemic induced resistance (ZŁOTEK & WÓJCIK 2007 ). An important part is played by enzymes catalysing the biosynthesis of plant allomones and toxins, as well as proteins disrupting plant food digestion, i.e. protease and lectin inhibitors (KUSANO et al. 2007 , BURGES et al. 2008 , HEIL 2009 , SPRAWKA 2008 , SEMPRUCH 2009 , ZAVALA et al. 2009 ). Finally, the action of proteinase inhibitors leads to a deficiency of amino acids. This affects insect growth and development, ultimately causing death as a result of the inhibition of proteinase secretion in the gut or of the huge overproduction of digestive enzymes, which reduce the availability of essential amino acids for the production of other proteins (POMPERMAYER et al. 2001 ).
CONCLUSIONS
The feeding of A. advenella caterpillars causes an increase in the total, specific and soluble protein contents in black chokeberry, rowan and single-seeded hawthorn inflorescences. There were significant increases in the contents of these compounds in the infested inflorescences of black chokeberry. This could be evidence for a more effective synthesis of defensive proteins in this plant species.
